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(54) C58980««!3 «Ktt®5HU*-#*-I'-;^^W>» (XttTirOU-hm JjfJ^-iB^* 



(57) IS*!) I 

(«U<»4 (^^') ri^9\^-h) S:^ 
p^*^-h«:'<-;^(c:L^c:St«^l (C) . Ssm^AoSJ 

(D) , mv^\z.m(ommminntt7iy]} •y:m (e) , 



(2) 



1- 1 9 9 7 6 8 



mm\±m^mf^^-r6:it^^v^. ^tc (a) 73-85 

(B) ^tH 5-2 7SftS15<7);^^uy^L<li;^^U', 

y-v-. (C) lOOfiftgiJt^ (A) + (B) 

(D) lOOaagP^^ (A) + (B) ^fc^. ^If 
-CO. 5-1 2Sa95#^S-r6. i57/u^. ;<7;;fy>. § 

< ^i1SS:a^^M«3f£«^J. (E) 1 OOSagBcO (A) 

+ (B) ^tL'Os "^n-ro. 1-2. 5saa5#?£ir 
t h 1 a6ofl!i(7)ii*Rf4^Aps?Jtfciifii Ky y':/m. 

im^m 2] (A) 7 5 - 8 5 

-eu-cfig^^ (B) ;di2 5-1 ssaaj^^t-rsifjftsi 

[IS*^3] fS,^ (C) ;i58-i eaaSB^ft-r-SiS 

1 1 7t 2 icmm<D^mmmf&^o 
im^m4] (c) 7)5 8-1 5ss^#^i-r-5fi 

[ft*3g5l (C) ;ai8-l 4l:SgI5#ft'r'5IS 

1 1 7t *i 2 lC|E«O^Jl^^M^^, 
[i«*^6l jS,^ (D) (A) + (B) + 

(C) 4- (D) + (E) (0^fi(DO, 5Sfi%iU±10 

[lf*«7] f$.^^ (D) ;!55fig5> (A) + (B) + 

(c) + (D) + (E) (D^$f<Do. 5mm%si±5m 

IIS*«8] (D) (A) -h (B) + 

(C) + (D) + (E) (D^ncDO, 5-4. 914% 

im^ms] f&'^ (E) ^^0. 2-2. 5Sfi%#a 

m/? ^ d^Jl >T U L - 9 4 SiI«fili*g^(C J: 5 U L - V 

omm^i^mi:m^'t^zt:^^x^. ttz (a) 75-8 



(B) ^8+1 5-2 5ffifl:a5co;^f-i/v:g=L< 
^ u J: r// S t:): r y h L < ^ 

^ y hmmi^i-^^i-^ i M3eL< *^-eni^^±co7K 

y ^ ~ i: t// 1 11 3 U -V ^ J: ur/ ^ 7t f ^ ^ ^ :7 
h/Ky-^-, (C) l00Sffl:giJ(7) (A) + (B) Sfc 
9. 8-1 4fifigBOla«L<«^SIS:ffl^^/1^;^:7^- 
^^^7^/^'^5J:ut/^^^j:7J^;^:7al- ^:?hy zfrr-fcj: 

it^^. (D) (A) + (B) + (C) + (D) + 

(E) (o^^mm(Do. 5m&''^)ll±sm&%Mmvh 
(E) loomssBo (A) + (B) ayt"?, -g^ff-c 

0. 2-2. 5Sl:gP#a-r5. y'hyy/i^^a^L^u 

IIS*^l U f&^A (D) ;i5i$^y^iJ'T^5lg*iSi- 
Ilg*«l 2] fiJc^> (B) :d^y>^\y>:}6XX^/trz\t 

L < =2 tk y y -r-^ L < « 3 ;K y -7- 

.ify-r~<;5^^feT?*)5B3*^l-l 1 (Di^^-f n;5Mc|B 

3] (C) ;d5«IS?hy7a::^/K tfc 

fifl&c^iSJIK^ y r y-/u^;:^7^/K t/cili.1^>^>':ii- h 
y - 1 7t fiZffi 7 y -/US: ^ Id U .1^ y .t: 

1-12 cou>Tn;6Mc|5®(^^if^ffi|ajSfe, 

[if*«14] (E) ;55xh7 7/U^pa:f^U:/ 

IfS*«l 5] i7icJ^^n7tfflfi)c*;65 7 0t:^U<fi-^ 
4xiU±<^?Sfa7tt?^raS«r^flS*« 1-14 <D\^^-ffi 

h&.±<o^mfzt>w^^^^irn^iK 1 - 1 5<D\f^'rti 

[iS^jtJSi 71 $?>lc. ^afi(D:j&5/yy ® 

1 8 1 m^m 1 - 1 7 <D\,^-rtiMzmm(om 



(3) 



1 1- 1 9 9 7 6 8 



[0 00 1] 

t^^yy hT^V-^- (B) ; h^/jiilTj^:^ 

(D) ;isxmn<omjBm^ft\mh'v^yy^\ (E) : 

(00 0 21 

A B s . Mufi-iai<«^i^^t?/i^ y 'r-t^^mtmK.\r^ 

S!}$ff:|g4, 6 9 2, 4 8 8^, *I1«fIT^5, 2 0 
4, 3 9 4^-. iSXXJ^^m^W^S, 0 6 1, 7 4 5^ 

- h^^cx/i^, h y 7:.:.n/v. «K h y ^ 

#ff^5, 2 7 2, 19 3^) (Dlm^^<O^JN\M^^^h* 
[0 0 0 3] 

(HDT) (75iB^&(^^ffi/^^^4;^^';6^/^^igT-r6^S 

[0 0 0 4 1 

(A) '^^l^if^'}lJ-'ff-^-V. ^^V!^ (B) ;^f^^>' 



, *3j:t5/*fcii ^) r y u- h 
t^^yu— y U"h(7)i^-fn^^4fciii^#«r^ 

(C) 

(D) ^/UiJ^. ;«7;^-y:^. SS, ^J:XJ^yi^mt-^^^-iy 

^j^ti>hm^^ti^mm^mms :isxxf (e) xk^^ 

[0 0 0 5] 

(A) + (B) mz^(Dm&^i:^mL. %tffiffl-r5 

(A) + (B) + (C) + (D) + (E) fS.'A 

[0 0 0 61 9cns,mx}t. :^f'i-:^*5J:r;«/*fc»i 

(^^) r^y u-^^-<-;<(e:Lfc^Ky-r-^^^^^ 

^<0llj^f4«DjKy;t7-/K^^-h$:^-;<(cL/S: 

tzmti&.±0>m^\CiS\,^XV L 9 4 -V 0 «:^-r r i 

;55S^^tL-rio'9. ^LT-ietif>Jl±f5<^ (A) . 

(B) . (C) . iaXXJ^ (E) S:^^1-^3>'^^•^^^>K 

[0 0 0 7] ^^^-c. *Li;:^*S'J(cm^^:H/tMm^^ii 
m (D) OiSA*;tfi^J!;ptcJ:oT, roi?^?7K*J:'9 
3IS«Jfc:m>i?$"CU L 9 4-v Oii«fctt«g«riifijc-t-5 

[000 81 ^^m(Dmf&mt. m^fS.m^a^ Lxmc 

f&m^attz\tm.^X%^a(D%'A{Z^\f^X. 1. 5 mm J; 
9 $ tC*5Jt^ U L- 9 4 - V 0 CDttt6^«=lC^a 

i-^mmm^^^^tz\mti^^xo f^f&m^o-ktzn^ 

^a^X<Dmffiis mzMMLtzhOyXh^o ^iC. 1. 
2mm> 1. 1 mm^ 1. Omm^ 0. 9mm^ 0.8 
mm^ 0. 7mm> 0. 6mm^ 0. 5mm^ 0. 4m 
m-e, '^tzn'tMJ.TX. ^XX^/tfz\^Ztlh(D{S^^ 
®lll^<Ol^-rt^;5^^Di?^ic^o^t5UL-VOttHe7)^ C 
cr*^il*n-Cv^5J:5?i (A) . (B) . (C) 

u (E) com^'^mzM't^±m(ommmm\ (d) 

J: «9 /?l>^iC$(CfeV^r t U L-V 0 ttgeSr^^ Ztf)^ 
[0 0 0 9] 1. 5nimt.itn^tl^±(DfW-^\C^'ti^ 



(1) 



<^m¥ 1 1-1 9 9 7 6 8 



J«l. 2mm^L<»ai. lmm«L<ttl. Omm 

^tOiO. 9mm^L<l±0. 8mm^L<f40. 7 
mn,«L<liO. 6mm«L<J±0. 5mm;^L<tt 
0. 4mm«5J?$, ^ftit^(Dm<omms^. ^L<ni 

^^i^is\.^xv L-v ommf^mt^jiittzimm^h 
1 0 0 1 0 J ^?Bm<Dm&mi. mm&m&mit. « 

room z.<Dtofm^<n^<^i^^ mmv^nm^^ 

❖^^:heat distortion temperature) i^XO—^&^tZ 

foo 1 2] m^otiimit. th^A^m-^mmzit.}: 

5 mm J: U aEt^^$*iplC*3ft5 U L- 9 4 V^i|(c J; 
5UL-V0«r#^SjiJ8!H4^.T^U E.-oy -yf^pf^r 
-^^yhmSmm (ISOISO-IA) ^JrOfHOT 
liS:^ (1. 8MPa(CJo(t5 r S0 7 5) (Cj:»ja||;£^ 

[ 0 0 1 3 1 y ^-.if^_ K Lfefifigteae 



< (118. 4 MfiSC^ L < «^t.«±o J: ^ 



jOOlSj Lt,^L^:dih. *l6fH#e>«, *5ffl<^# 
mmJ: tJSl^Jf $-CUL-9 4-V0^fgg;}>^^t,^^,5J; 

J: 5 1 . #^<^ilSt5E^^j»s^ft:^ics*? t 
ft!5«/«5^. *fl-ffl''^fc«l<^ii«ISi|*fcf±fitKyy^fe!,D 

[0 0 16] ^<oi±mmj,^i^^^^^:^^^^,^ 
^^f^^tttzmifimmn. 9,y.f;^ A:tv>. ^mit 

»»*yp->^rA^ rsift:?^^^. s^ftr/i.^^^^ ^ 

tnUTt. fzltl. 0 m L < (J^ *t£iTOf?v ^g^5^ 
(C*i.t« U L- 9 4 - V 0 *itfig ao0i|;ttt-SffS^ 

saxuHDTt^^'.rzm h mts> t \> ^ 

[0 0 i 7 J mmnmxii. ^m<Dmmt m 
mt:)Jatx\,^/j^\,^m^^. mwzv l-9 4 vuworm 



(5) 



(^m^i 1- 1.9 9 7 6 8 



[0 0 18] #^(ciIi^5StSS'ia:^'^^-r6MR$:tJ<7)M 

^ji^a^D(cjoi/>r. ^;/^f^tr>r/y h 

fi<^TIS<Bf:i 6 - 7 LTWiStcit 7 - 8 K J / s q m 
C0®5iap^. ^/tS*L<fi7 0't:i^±C0HDT(i-e^ 
-So y :yf-fi'#r-r/5/ hWS^ffifi^SK j/s qm 

0t:3g=L<f^iE:niJil±*fcli7 2^«L< ft^niJl±;d5 

[0 0 191 -n^coi^itcoig 

^/c^TMJ^v 1. 0mmC0f?</^^5^(OUL-V0il^ 

0 mm* L < \t^MJ.T(r>m\*^%^\^^Vf^ U L-V 0 
C0ji^ttfi6*iifiKtOO, 8K J/s qm^itT^-tLT 

1 OK J/s qm^l8;t5r>ry'';/ KfS^. 70t:^L 
< \t.^fi&.±^(0^ U-C 7 a'C^Jtlt 7 4^* L < 
J[^±(7) H D Tffi t UfCo 

[00 2 01 SI«^;!lD«»J^O*S'lCigV>^«ft*i^^ W 
fflTH^i < («^Jx.f^llJfiMf^^^'<^^teW 10-56$: 

+-e. nH&m^^i 1-8 6ioJ;Ufi 1-8 3^Wc{i!i 

[0 0 2 11 -iSWtc:ttia^«j*f-e®^?S:HDT^^i:r;5 
/*/t*t«»^««:#6/ta^>lcii (I0 0aaa5(^ 
(A) + (B) '^fz^) m\Qm9L%UT(07t^:^y:^-' 

t'S^icfi. (c) (ommit. mmm\±^n^ 

(Dtz^^^ 1 0 0Saa5<^ (A) -h (B) ^^«9 1 6fifi 
SiJ* L < li^naT-e LXit^mcn 1 5 fiftgP* L < 

(C) coit^^^^-t-5^<l::^^-e#^o 
(C) (;o^'>it^l^^8£i:g5"Cfe'9. 

5o (C) 1 0 0 

11:35(7) (A) + (B) ^/t'O 8 - 1 6*/cfi8- 1 5 
^jtiiS-i 4*/-tli8-i SESaJ-C. #^(7)^^3c 
(D) ;&5rw^clEtt^i^r^/^'5J:5^c#fiELtl^'5 



1. Omm/?$(c:iolt^UL-VO(Oii«!$tt:fci: 

tJ«7 ot:^fctt7 2t:*fctt7 4^*yhii^:ntil±o?? 

ffi/J::b;^fai^ (HDT) ^iMf&X^ 

[0 0 2 21 -^?&m(Dm.f$.mci6\,^x ( i o o 

(A) + (B) ^fcD) 1 2m&^tx<oififm(Dmm^ 

^^*{ciij!ni$ita r t {zx^x\t'i^hti^£\^^h(7)xh 
*?>k:. 1 ooaj6o (A) + (8) 1 0, 

9. 6. 5. 3. 2. l-^Xlft>ir:^^i,ZO. 6Sk^^ 
^t^<tp/<Cit«Wfait*<7)«gl*$5£J¥^^PI (D) xh^xh 

i:;d5-et5o mm<D^mm (d) i^. (a) + o) + 

(C) + (D) + (E) <D9. 7. 5. 5, 4. 9. 
4. 4. 3. 0. 2. 5. 2. 0. 1. 5, 1. OifeJ: 

i«aiC:|ol^'C^aTfe^o rtv»i3IJ!£0!ll 1-7 0/j:i> 
Ll 1-8 OtSXXll 1-8 8 4i5J:t/l 0-5 SiSXV^ 

[0 0 2 31 M«^D?PJ (D) ^m^-r^ Z t <0 . 

^^j:'Mmm'simu&trcn^mrct>wm (hdt) ^ 
/\^(D^iE(DrzMzi. it L 1 5 J: r;^/ 1 fc ft . 

m\^m^mf&\^xi^v. ^Lxzoztu. mx.\t7f.^j 

X (PTFE) <DX 0\Z^'^'iCm 

m^j:W}umx\t^mxh^o 
(0 0 2 41 n^v^--^>^''htsj:t^m(r>:^])^-(oit 

[ 0 0 2 5 1 y -^-rs^^ftt*5fe(7)8{iiajiffci2e^\ 



filKit # ifcfe ^ffisSit^ E 4 m2;i«>-bi©^st& (a 2 $ 

^^^lifeKtta^iSO&iltCSQ. 1. 6/1. 5mmW 

<i>Xit>;»^«fSgSlifeffli^?fi,5 1><^<t l9^f^^^igfl5^?^(ci^ 
^^tro B-s^ 0 €?i^l7^^cya^^-c}gi5|-;jaj^£t(^(7r 

^a^ftfo J: rZ/S fclir y n = k y /u/^ ^ y D i 

[0 03 61 ^f^^>teJ:o«/*^c(± (^^) r^^'yu 
H ft-r 5 r i (c .t 9 # e>iv 5 , iS+s =f A jjf y y 

a:^ K y/i,3^i;-=r-3t^;:{Cft^(7):f^^ 0iJ;i(S"r ^' y U- 
/y ^'^ y :^5^l'>'fe<tt5-eo?K« 

y n=. (.y/p/>^>5r 1; n_ |. jj^i^^ -ru^s 
», riJ'y/i'/^^'ify/wsg. ^fciiflto7v;;&/ua-g- 

(0 03 7] *«?^iCSf9/1^y jfjgj; 



**WJ-'Pl 1-1 9 9 7 6 8 



®SirAfc^5 c^>^h-f 5 r t ic J: #6^i54fi!c!»s- 
•tS><0 2 9 J A. ^#a'-Ky ;!7-.-p-^- f.^ 

'Am)L'^S^^^-Y^ «»l;ttf hyry-yusfeishy 
7f^#^.«JtS,*ffl;(fr^;yfr-yW?^^#S)i^^y^ 

u-y/uv^y-zi.-. tKn:Sfyv-, fy^yzcy-zu- 

K*fc«r««L< {i#^«t:^t)jJ>f>SI 

[0 0 4 01 *|g§qjCfie5^ffi,Cig-f5fig^^ (C) co'^ 

■=""'*-^73:— h y ^' Uv^/>4^;^7^_ [s^ hy- 
'^f-lvilp.T. 7 = — h . V? 7 i =./u- 2 ^ u- v^/u 

*;^7i-h, hy- (-('y7'nK'/i'-7==./u) 

(0 04 11 ^^m\mo^s')-y-wtm'^-r:mmx-^ 

KScO^!ll±*@1#i1=m5, 2 0 4, 3 9 4^IOT^$nT 
i>5^5, ft!l«*y=^-r-t^lSitfeig-f5, .-J^;^7a.-h 



(8) 



m\\¥ 1 1 - 1 9 9 7 6 S 



mtfi\zm^^nx) <^fflLTt>J:<. ^tzmwr^^v-r 

10 0 4 21 D. wmmn 

[0 0 4 41 gilXLl^. 8 ^ ^^nV-^JLTt^S^JS^soSa 

9?:effiS^a'^?cotj<^i^^^ffi"Cfo5o 1 0 ^ p >t^Tco 

«A^;d5 9 0£4%*^«9 5mi:%^/S:fi9 9ai:%co 
JKS^^i^jg-ffl-cfc^o 4 5 ^ ^ n yi.:XT<D^m 
m^^^^7 OttcltS 0^/cH9 oai:%(7)ejg5>«t> 

[004 51 mmwiMmn. f^&*.tft}m(omm(o& 

^^A^X\^^XhJ:^\ 
[0 0 4 61 E. ftLCOm^M 



L<\mm^bmiR^}^^. mmi^ttzn^ Ky yy\± 
^^i-^mo im^L<nm^m<oi^Mmi^AyX\^'x 

[0 0 4 7] ;4c|g^ictS9^Effi(ciS-r67/U7hn7j^y-r 

^L^i^i/'^e^-^y/iy^u-fn t'uy=i/J^yV— S fell 
^> fico #a Sr-g- i /j: V plig ^ f- ^eafn^ 
/ — Sr-^W-f-S 7" h 7 n ai^ U 3 tK y . 

i/y/\^yty^ K^r-^^f-f^^'^y -^-^^^^.^^^o ^ 
h77/u^a^^u:/,1^y-v-;i)5Jfig{cS^^tb5o ii 

m^xh^o t.tL. X h^^/u^ci^^i/v^J^y-^-co 

^-r/uc; 3 ^^7 7 ^^5J:t;f/:^7t^l^i!l^^)J^^y-^- 
m^^m<r)mmx^m\^x'h^^\ 

(004 81 /*«il. -7^ ^ a-;<77'-tr/Hb$tt?t*7t 

;i|-/uy7-r h • TV K • -^^yuy W±S!i<7) K 
CRPj ) <!: UTf£^brt)J:< . LTiiSL-Cffi^ 

J:<. t^ll*»l*BiJco;Ky-7-. mvUitm-^-if^^ 
-h. ^WSi«t/"Ky^^^/^^flg. ^x-ll^l^y^^if^uy 

cj^id, ^/!:ii;^^i^>«L<nr^y i^-h-^WJi^y-^ 

- (±Et^ (B) T'^tf btvTVN^ J:9/^7}^e/1fy V 

3.i^y-r-, HTc^j^^y-r-, :jB<tuf^7 7 h^j^y 

vtK y :t Jl = ^ y -^-^ L < liiH7c=i ^ y 
if^^)-n-if-^- h'T^ y h y/l/-y^v^3iv-;^ 

(PC-ABS) "^fcftffeo^Ky-r-s 

[0 0 4 9] Ty^ vmmt, fz\m^yt<i^^xh 9 > 

0'!ixti'x^/1^V(Du Pont) ^±(^ f/Jry^ — (Kevlar) J . 
(00 5 01 ftHOj^JllD^I 



(9) 



1 1-1 9 9 7 6 8 



[0 0 5 1 1 SSSftttaka^J. M;tl^v/a:^-!:^>i/^^lft!l 
^ >^mtft\t7f^U :tl^7 ^ >=l^^V -^-fi^^^ LTV v-C 

[0 0 5 2] ^ '^^mt,tc\mm%mnm^t.f\. 
x\.^xh^\i\ :^yy})yyM(DmtLx. m^(DRm 

immxmM\cnLo. i^smm^x&^^n^o m 
^immLXh^^\ f&(^mm^p^Lxt^\^\ 

(0 0 5 31 

}ftil«60*-C. 2 0 0~2 8 0*C-C. f5tA/t*ll2 3 0 

-2 5 O'CT^SftLTto ^WbLT. ^iSiLAc'^. 

titz-<yyh^. vL-9 4-vj^.jmmxmM^tix 

t\t^$ 2mm^U<lil. Omm^AcI^ 

[0 0 5 41 }t^$^^rcK§^^C^5V^T. 

m (ti +t2) (D^m^ 5 o^-mx^^. 

@ 2 lEi @ <!: ^j^PbI t <o 

-g^n- (t2 + t3 ) ;55 3 0g?fSI-Cfe^9. 

UL-9 4-V-0^^;i^'ii^!Sc$ix5. 
(0 0 5 51 ft&(DUL-9 4^i^ (^']x.l^*V- 1 . V- 

2) n.v-o^^mmm'^^<. -rurifdosip^^s 



LT. 3. 2mm«rt<^)2ffl (SL< »±^:ixi^^±(^) <r> 

$ix5„ rofc*!>. -mx\t. mm.^^wmm^^n^^ 

4r<£ffl-r5r ^;05-e#5, rttlc<l:9. UL-9 4l«» 

}cP^-r5^Tc0^ip;^5'g^S:f 5/.^f>. f^®^ L Aclt^^S WSJ 

[0 0 5 7] ^tpeO'T'-^-Ca^Sti^ULjg:^**. U 

L-9 A^mm^W(r>^^^^xmm^'<^-yfz.^m^ 

OJ b\i^0'^^\%. V-0(cr^t-5 (UL-9 4|*S^^ 

/b^jO-efc^o rv-ij . rv-.2j *5J:tX r;^-^' 

[0 0 5 8] / !y^{^§r^/5/ h*5j:i/HDTI««fC 

I. 8MP a (C^tt^ I SO 7 S^COttfil I SO 1 8 0 
-^«>H-^^:?'i A (4mmi|CS) (D^fetctSoT^fm 

J*Jf^ Ufc ( 1 2 O'C/'I^FBlcD/lP^iig, 1 0 mm X 4 m 
mX 1 2 0 mm(^1^:/7'>'^, \ 0 ^mmT^/^y^m) o 

[0 0 5 9] 'mm(D^^o:>m'K 

PC-2 64Bj:t/PC-2 8«, lg^k>^W>'4>0, 5 

Si:%t-*5V>T. 2 5t:-Ci7^D-7'^S|f^ffi^LT 

-eti^tvi. 28*3i:uti. 2%(r>^n 

h^o ABS-F»±, 3^-2 8-3 7g|50><^v^^:/^ 

ai:/-;^f-u-:x^7 7 h;}fy-^-Tfc5o ABS-Cfi 
igi5ftfti4-iS»^<4<^r y o h y /u-y^J^ v^3:>^- 
;^^^'>'^r7>' K/-Ky-r--c^^„ ii^, ^3 0kg- 

cm/cm(Dr>Cyyhm^^^ (ASTMD-2 5 
6) iSXUmA. 8 g/1 05>(^>/Uh7n-ffi» (A 
STMD-1 2 3 8, 2 0 O^x 5 kg, ^#G) tfjk 

1-0 sANH;^f^U'>irr^y n-hy/K^3Jj^y^- 

f/l.;^ hy>SAN3 2 J 
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1 Tfttle of Invention 

Flame Retardant Polycarbonate - Styrene (or Acrylate) polymers, 
and/or Copolymers and/or Graft Poiymer/copolymer Mixtures 

2 Qaims 

1. A flame retardant thermoplastic moulding composition which is useful 
in the moulding of chin-walkd plastic parts or sections of such parts and 
which, when moulded, can achieve UL-VO flame retardant 
performance according to the UL-94 Vertical Burning test at a thickness 
of mm and which comprises: 

(A) aromatic polycarbonate(s) at 73-85 parts by weight; 

(Bj one or more polymer(s) and/or, copolymer(s) and/or graft polyraer(s) 
containing styrene or styrene derivatives and/or acrylate or 
raethacrylate derivatives at a total of 15-27 parts by weight ; 

(Q one or more phosphorous compound(s) which are phosphate ester(s) 
and/or phosphate oligomer(5) and/or phosphonates at 8-16 parts by 
weight per 100 parts by weight of (A)+(B); 

(D) inorganic filler(s) selected from, talc, kaolin, mica, and magnesium 
hydroxide, present at a total of 0.5-12 parts by weight per 100 parts of 
(A)+ (B) ; 



(E) ' at least one other flame retardant additive or anti-drip agent selected 
from tclrafluoroctbylene polymers or copolymers, or other 
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fluoropoljrnjcrs. or red phosphorous or aramid fibre or powder, present 
at 0.1-2.5 parts by weight per 100 parts of (A) + (B). 

2. A moulding composition according to claim 1 in which component 
(A) is present at 75-85 parts by weight and component (B) is present at 
25-15 parts by weight. 

3. A moulding composition according to claims 1-2 in wliich component 
(C) is present at 8-16 parts by weight. 

4. A moulding composition according to claims 1-2 in which component 
(C) is present at 8-15 parts by weight. 

5. A moulding composition according to claims 1-2 in which component 
(C) is present at 8-14 parts by weight. 

6. A moulding compound according to claims 1-5 in which component (D) 
is present at a minimum of 0.5 weight % but less than 10 weight % of the 
total of the components (A) + (B) ■»■ (C)+ (D) + (E). 

7. A moulding compound according to claims 1-5 in which component (D) 
is present a minimum of 0.5 weight % but at less than 5 weight % of the 
total of components (A) + (B) + (G) +(D)+(E). 

8. A moulding compound according to claims 1-5 in which componcnt(D) 
is present at 0.5-4.9% by weight of the total of components 
(A)+(BJ+(C)+{D)+(E). 



9. A moulding compound according to Claims 1-8 in whfch component 
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is present at 0.2-2.5 parts by weight. 

10. A flame retardant thermoplastic moulding composition which is useful 
in the moulding of thin-walled plastic parts or sections of such parts and 
which, when moulded, can achieve UL-VO flame retardant performance 
according to the UL-94 Vertical Burning test at a thickness of l.U mm and 
which comprises: 

(A) aromatic polycarboaate(s) at 75-85 parts by weight; 

(B) one or more polymer(s) and/or, copolymer(s) and/or graft polymer(s) 
containing styrene or styrene derivatives and/or acrylate or 
methacrylate derivatives at a total of 15-25 parts by weight ; 

(C) one or more phosphorous compound(s) which are phosphate ester(s) 
and/or phosphate oligomer(s) and/or phosphonatcs at 8-14 parts by 
weight per 100 parts by weight of (A)+(B); 

(D) inorganic filler(s) selected firom, talc, kaolin, mica, and magnesium 
hydroxide, present at a minimum of 0.5 weight % and less than 5 
weight % of the total weight of components (A)+(B)+(C)+(D)+(E); 

(E) at least one other flame retardant additive or anti-drip agent selected 
from tctrafluoroethylene polymers or copolymers, or other 
fluoropolymers, or red phosphorous, present at 0.2-2.5 parts by 
weight per 100 parts of (A) + (B). 

11. A moulding compound according to claims 1-10 . in which 

component(D) is a talc. [ 

i 

s 

i 



(17) 



(^m¥ 1 1-1 9 9 7 6 8 



12. A moulding compound according to claims 1-11 in which component 

(B) is a mixture of one or more polymers or copolymers containing 
styrene and/or (meth)acry]onitriIe and/or (mctb)acrylatc and a gratft 
polymer of any of such polymers or copolymers with a rubber containing 
butadiene or butadiene^styrene or butadiene-acrylonitrile or isoprene or a 
silicone rubber. 

13. A moulding compound according to claims 1-12 in which component 

(C) is tripbenyl phosphate, or other triaryl phosphate ester, or a 
phosphate oligomer or polyphosphate based on a dihydric phenol, or a 
mixture of these components. 

14. A moulding composition according to claims 1-13 in which component 
(E) is a tetrafluoroethylene polymer. 

15. A moulding composition according to claims 1-15 in which the 
moulded composition exhibits a heat distortion tcniperature of 70°C or 
more. 

16. A moulding composition according to claims 1-15 in which the 
moulded composition exhibits a heat distortion temperature of 72^C or 
more. 

17. A moulding composition according to claims 1-16 which in addition 
also contains effective amounts of coupling agents pigments, stabilisers, 
flow-aids, release agents, anti-static agents, reinforcing additives. 

18. Moulded articles prepared from the compositions according to claims 
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1-18. 

3 E)etailed description of Invention 

This invention relates to a polymer mixture which comprises an aromatic 
polycarbonate (A); a styrene (or styrcnc derivative and/or (mcth)acrylate) 
containing polymer or copolymer and/or a styrene . (or styrene derivative 
and/or (meih)acrylate) containing graft polymer (B); a phosphate or 
phosphonate based flamc-retardant (C); an inorganic additive (D); and a 
further flame retardant or anti-drip agent (E): and optionally, other additives. 

Polymer mixtures which comprise an aromatic polycarbonate, a styrene- 
containing copolymer and/or graft polymer, for example, ABS, and a flame- 
retardant are known, for example, from US 4,692.488, US 5,204,394, and US 
5,061,745. According to this prior art an organic phosphate ester, for 
example, triphenyl phosphate, tricrcsyl phosphate, diphenylcrcsyl phosphate, 
and/or oligomeric phosphates, can be used as a flame-ret ardant for such 
mixtures. Tetrafluorocthylcnc polymers are often used in combination with 
such phosphate esters to provide flame retardant mixtures and mouldings 
which can achieve a flammability rating of UL-VO in the UL-94 vertical 
burning test typically at a thickness of 1.6mm, together with good impact 
strength. In other prior art other additives may assist anti-dripping or flame 
retardancy such as aramid fibres (US 5,272,193). 

However, thermoplastic moulding compounds of the type described in the 
prior art have the disadvantage that if a UL-VO flammability rating is required 
in thinner sections or thinner moulded articles - and it is generally more 
difficult to achieve flame retardancy in thinner sections - then it is not clear 
that such compositions could achieve such performance and still retain other 
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useful properties. 

Increasing the level of the phosphate flame retardant additive may not be 
successful in achieving the desired flame retardant rating at lower than typical 
thicknesses and will in any case reduce other useful properties such as impact 
strength and/or heat distortion temperature (HDT) significantly. 

The prcsenl invention also relates to moulding compounds and articles formed 
or moulded from the polymer mixtures or compounds according to the 
invention. 

The polymer mixture according to the invention comprises the following 
constituents: 

(A) ail aromatic polycarbonate, and 

(B) a styrcae-containing polymer/copolymer and/or a styrene-cdntaining 
graft polymer, (or substituted styrene analogues/derivatives), and/or 
(mcth)acrylatc based polymers, copolymers, graft polymers/copolymers 
(where '(meth)acrylat6' is understood to encompass either or both of acrylate, 
mcthacrylate) and 

(C) a phosphorous compound based on a phosphate or phosphonate ester, 
and 

(D) an Inorganic additive selected from talc, kaolin, mica, and magnesium 
hydroxide 

and 

(E) a further flame-ret ardant and/or anti-drip agent selected from 
tetrafluorethylene polymers or copolymers, polyvinylidencdifluoride, other 
fluoropolymers, red phosphorous; aramid fibre or powder or polyimide fibre 
or powder; 

and, optionally, other additives. 

In the discussion of compositions references are to parts^-by weight per 100 
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parts of (A)+(B), as defined above - except where % is used which, then 
describes weight % of the total of (A)+(B)+(C)+(D)+(E) components. 
In the prior art, many flame reiardani polycarbonate based moulding 
compounds also containing styrene and/or (meth)acrylate based polymers are 
reported to exhibit UL94-V0 rating at thicknesses of 1.5 mm or 1.6 mm. or 
greater and are based on compounds containing (A), (B), (C), and (E) as 
defined above. Within the present invention it is surprising to achieve 
UL94-V0 flame rctardancy performance al thicknesses substantially below 
this thickness level simply by the incorporation or addition of the particular 
stated inorganic additives (D). 

The compositions of the present invention are specifically designed for use in 
thin wall mouldings and in particular to those mouldings or parts where, in 
some portion of the mouldings or assembled parts, flame rctardancy to meet 
the requirements of UL-94.V0 performance at a thickness lower than 1.5 mm 
is required or desired. In particular, UL-VO performance at or below L2 mm, 
1.1 mm, 1.0 mm, 0.9 mm. 0.8 mm, 0.7 mm, 0.6 mm, 0.5 mm, 0.4mm, and/or 
any thickness or range within these thicknesses can surprisingly be achieved 
with retention of useful other properties, by addition or incorporation of the 
stated inorganic additive (D) to mixtures of (A), (B). (C). and (E), as defined 
herein. The formulations will also be able to achieve UL-VO performance al 
thicknesses greater than these. 

Compositions for achieving UL-VO performance at thicknessses of 1.5 mm or 
greater are well known, as mentioned above. However recent trends in thin 
wall mouldings for many applications require or desire UL-VO Qammability 
performance in some parts or sections of the moulding or assembled parts at 
thicknesses less than 1.5mm and for example at thicknesses of 1.2 mm or 1.1 
mm or 1.0 mm or U.y mm or 0.8 mm or 0.7 mm or 0.6 mm or 0.5 mm or 0.4 
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mm or at thicknesses in between or below such values. 

In addition, the absence of chlorine or bromitie containing flame retardants is 
desired due to environmental reasons or regulations and the compositions of 
the present invention are designed to allow flame retardancy in such thin 
sections as described without the use of chlorine or bromine based flame 
retardants. 

The compositions of the present invention are designed for flame retardant 
mouldings, or mouldings in which some portion require or desire such flame 
retardancy for use in parts and housings of electronic equipment, business 
machines, including computers, monitors, keyboards, printers, fax machines, 
telephones, office automation or audio-visual equipment and particularly in 
portable or compact or lightweight items or versions such as notebook 
computers, palm-lop or hand- held computers, or electronic diaries or personal 
organisers, mobile telephones, cameras and video cameras, portable audio 
items and related ancillary equipment. 

In many siich applications, in addition to flame retardancy there will also be 
other requirements such as impact strength (as often measured by the Notched 
Izod Impact lest) and/or a certain level of heat resistance, as for example 
commonly measured by HDT (heat distortion temperature). 

The actual specifications will of course vary according to the different 
applications and indeed different models of the applications. However, the 
compositions of the invention are designed to exhibit flame retardancy 
associated with a UL-VO rating according to the UL-94 V test at thicknesses 
below 1.5 mm as described and also show reasonable impact strength and 
reasonable HDT for use in such applications as measured via the notched izod 
impact test ( ISO 180-1 A ) and the HDT test (ISO 75 at l.SMPa). 
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It 15 known in polycarbonate based compositions and compositions based on 
blends containing polycarbonate and styrenic and/or (meth)acrylate based 
polymers, copolymers or graft copolymers that phosphate ester based flame 
retardants will reduce properties such as impact strength and HDT. The. 
greater the loadings of such additives generally the greater the fall off in these 
properties. Higher loadings of such phosphates can impart flame retardant 
performance up to a point, but very high loadings such as for example more 
than 16 parts or 17 or 18 or 18.4 or more parts by weight (per 100 parts by 
weight of (A) + (B), as described herein) are not particularly effective for use 
in thin wall mouldings such as those which are the subject of this present 
invention since cither impact strength and/or HDT becomes loo low and very 
high phosphate loadings can give other problems in migration of the 
phosphate and relatively poor chemical resistance. 

The use of inorganic fillers or additives in moulding compounds is well 
known and they arc routinely used for providing reinforcements or stiffness 
and/or lowering cost. In many publications and patents, the use of fillers are 
thus described as components^ often optional, of moulding compounds 
including flame retardant polycarbonate based and mixtures of polycarbonate 
and styrenic and/or (meth)acrylate based formulations. However, we have 
found that certain specific inorganic fillers can be used advantageously to 
impart a surprising attainment of thin section flame retardancy, as measured 
by UL-94-V0 performance, at thicknesses below 1.5 mm as described above, 
and at the same time can achieve reasonable impact strength and HDT suitable 
for use in the applications described. In this respect the particular inorganic 
fillers are not selected for reinforcement but rather because of their apparent 
ability to impart enhanced flame retardancy and/or anti-dripping to the 
compositions- It appears that there may possibly be some synergism between 
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such specific inorganic fillers and the other components of the compositions 
particularly the other flarac retardaat or anti-drip additives present. 

Particular fillers which have been found useful to Impart this combination of 
properties arc taJc, kaolin, magnesium hydroxide, and mica. Other 
commonly used fillers or reinforcements do not show this same ability to 
achieve such thin section UL-VO performance at similar thickness levels 
(flammability resistance as measured by the UL-94V test is usually more 
difficult to achieve in thinner specimens) and also retain other good properties. 
Thus, for example, glass beads, calcium carbonate, titanium dioxide, 
aluminium oxide, woiiastonite, and vermtculite, all of which are common 
fillers and often listed as examples of common fillers or reinforcements for 
plastic mouldings do not show the same ability to achieve such thin section 
UL-94-V0 ratings such as below 1.5 mm and in particular at 1,2 mm or below 
or at 1.0 mm or below, described herein, and also achieve reasonable other 
properties such as impact strength and HDT. 

Data shown in the Tables of Examples illustrate examples of the invention 
together with comparisons of formulations without added fillers and with 
some example fillers which are not effective for flame retardant properties as 
measured by the UL-94 V test and achieving VO in thin sections as described 
above. 

The impact strength of compositions containing very high filler loadings is 
unlikely to be useful in many thin wall moulded applications. From our 
experience, in actual applications in thin wall mouldings of parts for portable 
notebook computers, mobile phones, video camera, portable audio equipment 
and general office automation equipment a lower reasonable limit for our 
notched izod values would be in the region of 6-7 and preferably 7-8 KJ/sqm, 
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and a HDT value in excess of 70''C desirable. Notched izod impact strength 
values of about 8 KJ/sqm or more arc most preferred and HDT values of 70^C 
or more or of 72 *C or more are most preferable. It can be seen from 
examples of the compositions of our invention that the reasonable lower limits 
of such properties arc achievable with concurrent thin section UL-VO 
flamraabilily at 1.0 mm. Indeed izod values above 8 KJ/sqm and even in 
excess of 10 KJ/sqm together with HDT values of 70*t or more and even of 
72*t or 74*t or more are achieved with the formulations of the invention 
whilst achieving UL-VO flame rctardant performance in thin sections of 1.0 
ram or even lower, and without the use of bromine or chlorine based flame 
retardants. 

Very high loadings of inorganic additive may not be so useful (see for 
example 10-56 in the Tabic of Examples), and similarly, very high loadings of 
phosphate esters would not be so useful. In Tables of Examples, example 
numbers 11-86 and 11-83 and other examples show the effects of high 
phosphate loadings; such high levels do not allow attainment of a suitable 
HDT, and impact strength is also sometimes low. 

Generally within the compositions, phosphate or phosphorous compound 
(component C ) levels of about 16 parts by weight (per 100 parts by weight of 
(A)i-(B)) or less, arc required in order to achieve a reasonable HDT and/or 
impact strength. When the specific inorganic filler is present as specified in 
our invention the component (C) additives can be present at such desired 
lower levels to achieve the thin wall flame retardancy, and this allows a good 
balance of impact strength and HDT to be achieved. Thus component (C) 
levels of 16 parts by weight or less can be used and preferably 15 parts by 
weight or less or 14 parts by weight or less, per 100 parts by weight of 
(A)+(B). A certain minimum level of (C) components is also- required and 
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this is about 8 parts by weight, to achieve the required flame retardancy in 
tbin wall mouldings prepared from compositions of the invention. Thus &-16 
or 8-15 or 8-14 or 8-13 parts by weight of component (C) per 100 parts by 
weight of (A)+(B) are most useful in the coinpositions of the invention where 
the specified inorganic filler (D) is present as described herein, to provide 
compositions which can achieve UL-VO flame retardancy at 1.0 mm thickness 
and a heat distortion temperature (HDT) of 10°C or 72**C or 74*t or more. 

In our compositions the presence of up to 12 parts by weight (per 100 parts of 
(A) -I- (B) of the specified inorganic fillers (D) in the compositions of the 
invention allows flame retardancy in thin sections together with reasonable 
impact strength and a good HDT of 70^C or more, suited to thin wall 
applications as mentioned herein and which combination of properties is not 
achievable by simply increasing the level of phosphate ester flame retardants 
within the ranges of components specified. In addition lower levels of 
inorganic filler (D) can be effective and achieve a good balance of such 
properties including 10. 9, 6, 5, 3, 2, 1 and just 0.6 parts by weight - per 100 
parts of (A) + (B). The particular fillers (D) are effective at 9, 7.5, 5, 4.9, 
4.4, 3.0, 2.5, 2.0 ,1-5, 1.0 and even just 0.5 weight % of (A)+(B)+(C)+(D)+(E) 
and at loadings in between these. This is illustrated in examples 11-70 - 
11-80 inclusive and 11-88 and 10-55 and in other examples shown. 

Thus the use of the inorganic additive (D) allows attainment of such V-0 
rating with relatively lower levels of organic phosphate ester based flame 
rctardant. This will help to maintain a reasonable service temperature 
capability or heat distortion temperature (HDT) and/or help to maintain or 
improve stillness of a moulding and/or help reduce plasticisation and/or 
migration problems which often occur during moulding and/or in service due 
to the presence of high loadings of phosphate esters. The flow of the 
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compounds of the iavention is. sufficient to allow injection moulding of 
complex parts wbicii contain, in part at least, sections which are as thin as 
those thickness mentioned above. In addition the formulations of the 
invention achieve these thin section flame retardant performances with low 
levels of the additional flame retardant or anti-drip agent (E), and this is an 
advantage in that such additives, for example, polytetrafluoroethylene (PTFE) 
are very expensive. 

The ratios of polycarbonate and other polymer will have influence on these 
properties but our compositions arc rather specifically targeted at achieving 
the combinations of properties useful in thinner wall moulded parts as 
described and using compositions defined within the limitations described 
below. 

The polymer mixture can be obtained according to the conventional 
techniques of preparing polymer mixtures* for example, by compounding the 
said constituents in an extruder or continuous mixer or co-kneader. The 
compositions can be prepared by mixing the respective constituents in known 
manner and then melt -compounding or melt-extruding the resulting mixture in 
standard units, such as internal kneaders or single-screw or twin-screw 
extruders, at temperatures, for example, in the range from 190 to 330*^ or 
more preferably in the range of 200"%: to 280°C . The individual constituents 
may be mixed in known manner either gradually or at the same time either 
around room temperature or at a higher temperature or lowier temperature. 

The moulding compounds according to the present invention may be used for 
the production of mouldings. In particular, mouldings may be produced by 
injection moulding or blow moulding. Another form of processing is the 
production of moldings by deep drawing from prefabricated sheets or films. 
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The achievement of UL-VO at thicknesses below 1.6/1,5 mm is not common in 
compositions of this type, particularly those based on PC-ABS systems. The 
compositions of the invention which use a combination of stated inorganic 
additive(s) with organic phosphorous compound(s) (e.g. phosphate ester), 
optionally with a fluorinated polymer (e.g. PTFE), together with 
polycarbonate (PC) and acrylonitrile-butadiene-styrene (ABS - or other 
styrene copolymer/styrene graft polymer combination) can achieve UL-VO 
ratings in a moulded thickness, thinner than is ordinarily known or expected. 
Furthermore such formulations can, surprisingly, by virtue of retaining good 
flow, still be readily moulded, e.g. by injection moulding into such thin 
sections or into parts containing areas or sections with such thin wails. 

Thus the range of compositions (per 100 parts by weight for a total for all the 
components (A) +(B)) as specified by the invention are those which comprise: 

(A) an aromatic polycarbonate at 73-85 parts by weight, preferably 75-85 
parts by weight ; 

(B) one or more polymer and/or, copolymer and/or graft polymer containing 
styrene or styrene derivatives and/or acrylate or methacrylate present at a total 
of 15-27 parts and preferably IS- 25 parts by weight; 

(C) a phosphorous compound which is a phosphate ester or phosphonate or 
oligomeric or poly-phosphate at 8-16 parts by weight, and preferably 8-15 or 
8-14 or 8-13 parts by weight, per 100 parts by weight of (A)+(B); 

(D) an inorganic filler which functions to impart enhanced flame retardancy 
and/or anti-dripping in thin wall mouldings which is selected from, talc. 
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kaolin, mica, and magnesium hydroxide, and which present at 0.5 or 0.6-12 
parts, preferably 0.5 or 0.6-5, or 0.5 or 0.6-4.9 parts by weight per 100 parts 
by weight of (A)+(B), or which is present at a minimum of 0,5 weight % of 
the total of the components (A)+(B)4-(C)+(D)+(E) and at 10 weight % or less 
8 weight % or less or less than 5 weight %. 

(B) at least one other flame retardant additive or anti-drip agent selected from 
tetrafluoroethylene polymers or copolymers, vinylidene polymers or 
copolymers, other fluoropolymer, or red phosphorous or aramid fibre or 
powder or polyimide fibre or powder, though preferably a tetrafluoroethylene 
polymer or red phosphorous, present at 0.1-3 or 0.1-2,5 parts, preferably 0.2- 
2.5 parts by weight per 100 parts by weight of (A)+(B). 

Other additives may optionally be included. 

A. Aromatic Polycarbonates 

Thermoplastic aromatic polycarbonates arc materials known and are generally 
prepared by reaction of dihydric phenols compound with a carbonate 
precursor. 

Dihydric phenols which may be used in the preparation of the aromatic 
polycarbonates include mononuclear or polynuclear aromatic compounds 
which comprise two hydroxy radicals each directly bonded to a carbon atom 
of an aromatic nucleus. Said dihydric phenols may be substituted with one 
or more alkyl groups. Mixtures of dihydric phenols may be used. Hak^gen 
free polycarbonates arc preferred. Bisphenol-A and/or its alkyl substituted 
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derivatives, other bJsphenols such as Bisphenol- Bisphenol-F, or 1,1-bis* 
(4-hydroxyphenyI)*cyc]ohexane or phenolpthalein may also be used in the 
preparation of useful polycarbonates. 

Branched polycarbonates are known and are also suitable. 
Copolycarbonates are also suitable for the invention and ifae so-called 
polyester carbonates which are obtained by perforining the polymerisation 
reaction in the presence of an ester precursor, for example, a difunctional 
carboxylic acid, for example^ terephthalic acid, isophthalic acid, naphthalene 
dlcarboxylic acids, cycloaliphatic diacids, or ester-forming derivatives 
thereof. These polyester carbonates have ester bonds and carbonate bonds in 
the polymeric chain may be used. 

It is also possible to use a mixture of various polycarbonates and/or 
copolycarbonates, including simple mixtures of different molecular weight 
ranges or grades of commercial or common polycarbonates. 

B. Styrcnc (and/or (Melh)A€rylate)-Containing Poiymersy Copolymers 
and/or a Styrene (and/or (Metfa)Acrylate) -containing Graft 
Polymers/Copolymers 

Styrene-containing polymers arc polymers, or copolymers or terpolymers or 
roulticomponent or gratt polymers which contain units derived from styrene, 
and/or alpha-methyl styrene and/or styrene compounds substituted with one or 
more organic groups in the aromatic nucleus. They may also contain units 
derived from acrylonitrile and/or metbacrylonitrile and/or maleic anhydride 
and/or a derivative of maleic acid anhydride and/or (meth)acrylic monomer or 
other comonomers. Suitable derivatives of maleic anhydride are maleimides 



16 



4#BB¥ 1 1-199768 



and N-substitutcd maleiniides, such as N*pheiiyl maleimide. Suitable acrylic 
iDOitdmers are, for example, methyl methacrylate, (meth)acryiic acid, methyl 
acrylate, ethyl (meth) acrylate, butyl (meth) acrylates, and other alkyl, or 
alkoxylated, cycloaliphatic, or ary!, or phenoxyalky] acrylatcs. These 
copolymers can be obtained according to conventional methods of preparing 
such polymers, copolymers. 

The polymer mixture according to the invention may comprise, as a styrene- 
containing copolymer, a copolymer built up from (1) styrene, and/or alpha- 
methyl styrene and/or a styrene substituted with one or more organic groups in 
the aromatic nucleus and (2) a metfaacrylonitrile and/or acrylonitrile and/or 
maleic anhydride and/or derivative of maleic anhydride (such as N- 
phenylmaieimide) and/or (meth)acrylic monomer. 

(Meth)acry]ate containing polymers are polymer, copolymers or. terpolymers 
or graft or multicomponcnt polymers which contain acrylate or 
methacrylate units such as those prepared from methyl methacrylate and/or 
other esters of acryllc/methacrylic acids including aliphatic, alkoxylaied, 
cycloaliphatic, aromatic, meth(acry]ate) esters, and/or acryiic/methacrylic 
acid and/or vinyl esters and/or malcic anhydride and its derivatives and/or 
acrylonitrile/methacrylonitrile, and, optionally, styrene or styrene 
derivatives/substituted styrenes or other comonomers. 

Styrene and/or (meth)acrylate -^containing graft polymers are obtained by 
grafting monomers onto a rubber. ' Examples of suitable rubbers arc 
poly butadiene, butadiene-slyrene, butadiene-acrylonitrile, copolymers and 
other rubbers, such as for example, acrylate rubbers, siloxane rubbers, 
fluorlnated rubbers/elastomers and EPDM rubbers. A mixture of monomers 
can be grafted on to these rubbers. Suitable monomers include vinyl 
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functional monomers such as acrylate/methacrylate esters, styrene and its 
derivatives, acrylonitrile/methacryonitrile, maleimides, maleic anhydride and 
other derivatives of maleic anhydride, acrylic/methacrylic acid, or other 
radically polymerisable structures. 

The polymer mixtures according to this invention preferably comprise, as a 
graft polymer, the product obtained by grafting a mixture of styrene and/or 
alphamethyl styrene and/or a styrene substituted with one or more halogen 
atoms or with alkyl and/or other organic groups in the aromatic nucleus and 
a methacrylonitrile and/or acrylonitrile and/or maleic anhydride and/or a 
derivative of maleic anhydride such as maleimides, and/or (meth)acryUc 
monomer/(meth) acrylate .ester on a mbber. 

The polymer mixture according to the invention may comprise a mixture of a 
styrene copolymer and a styrene graft polymer, .such as styrene-acrylonitrile 
(SAN) and acrylonitrlle-butadlene-styrene (ABS). Alternatively, or in 
addition, the polymer mixture may contain as a styrene or (meth)acrylate 
based polymer a core«shell impact modifier such as those commercially 
available from Rohm & Haas under the name of 'Paraloid' and similar 
products. Mixtures of such materials may be used. 

C. Phosphorous Compounds 

The polymer mixture of the invention comprises a phosphorous compound 
which is a phosphate or phosphonate ester. This may be a mono- phosphate 
(such as a triaryl or trialkyl or tri-(aryl-alkyl) phosphate or a mixed phosphate 
and/or phosphonate ester, and/or a diphosphate such as resorcinol-, 
hydroquinone-, bisphenol-A- or other bisphenol- diphosphate or other 
diphosphate of a multihydric compound and/or an oligomeric phosphate or 
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phosphoaate. derived from such dihydric or multihydric compounds, or any 
other polyphosphate. Phosphorus compounds of component (C), suitable for 
use in accordance with the invention include, for example, such diphosphates, 
triphenyiphosphate, tricresylphosphate, tri-butylphosphate, diphenyl-2-ethyi 
cresylphosphate, tri-(isopropyl-phenyl)-phosphate, methylphosphonic acid 
dipheny] ester, phenyl phosphonic acid diethyl ester, diphcnyl 
cresylphosphate, tributylphosphate, and oligomeric phosphates. 

Oljgomeric phosphates which may be used in the polymer mixture according 
to the invention can be either used as separate compounds or in the form of a 
blend of several different oligomers. Mixtures of monophosphate, or other 
phosphate, esters and oligomeric phosphates may be used.. Examples of 
some oligomeric phosphates are given in US 5,204,394. but other oligomeric 
structures are also suitable. Where the phosphates and/or oligophosphates 
arc liquids or low mehing solids they may be used directly (fed into extruder), 
or as a masterbatch in another polymer such as polycarbonate or a styrenic or 
acrylic based polymer, copolymer, terpolymer, grafted polymer, or any other 
polymer, including ethylene copolymers such as ethylene vinyl acetate 
copolymers, or they may be pre-absorbed or adsorbed onto a suitable substrate 
such as silica or porous polymer or other porous or high surface area particles, 
thus producing a free flowing powder: 

D. Inorganic Additive 

Inorganic fillers and additives are known in plastic compounds. Those 
suitable iii the invention are selected from those generally known as talc, mica, 
kaolin (including calcined grades), or magnesium hydroxide. A mixture of 
such fillers, or different grades of such Tillers/additives may be used. 
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Minerals which are predominantly of these types are also useful. 

The preferred particular inorganic additives or fillers are those which are finer 
grades, where available, though this is not essential to function as an effective 
additive for enhancing flame retardancy and/or anti-dripping in the 
compounds* Talc is a particularly preferred additive in Oner particle grades* 
In some cases the inorganic additive may used as a neat powder, or it may be 
used as a masterbatch in another polymer or binder or carrier. 

Particle size distributions such as those with more than 50 weight % of 
particles of 8 microns or less or more than 70 weight % less than 8 microns or 
more than 90 weight % less than 8 microns are usefuL Filler particle size 
distributions such as 95% or 98% by weight. of particles less than 8 microns 
are usefuL Particle size distributions with 90 weight % or 95 weight % or 99 
weight % less than 10 microns are useful. Filler particle size distributions 
with 70 or 80 or 90 weight % less than 4 or 5 microns are also suitable. 
Other ranges outside of these are also usefuL 

The inorganic additive may contain water of crystallization or other forms of 
absorbed or adsorbed water. Various surface treatments or coatings or 
coupling agents may be present, if desired, on the fillers. Such coatings may 
include coupling agents or adhesion' promoters. 

E. Further Flame-Ketardants 

In addition to the above phosphates or phosphonates the polymer mixture 
according to the invention also comprises further agent(s) with flame- 
retarding or anti*dripping properties, selected firom fluorine containing 
polymers, particularly tetrafluorethylene polymer(s) or vinylidenedifluoride 
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polymers, red. phosphorous, or aramid powder or fibre, or polyiinide fibre or 
powder. 

The fluoropolymers suitable for use in accordance with the include 
polytctrafluorocthylene, tetrafluoroethylene-hexafluropropylenc copolymer or 
tetrafluoroethylene copolymers containing small quantities of fluorine-free, 
copolymerizable, ethylenically unsaturated monomers, or polyvinylidene 
difluoride or copolymers containing vinylidene difluoride. 
Tetrafluoro ethylene polymers are preferably used. 

Suitablcf tetrafluoroethylcne polymers may be in powder or fibril form 
and/or may be used in the form of a coagulated mixture of emulsions of - the 
tetrafluoroethylcne polymers wiih 6mulsion(s) of the graft and/or other 
polymer components. 

Red phosphorous may be used as a micro-encapsulated or coated or stabilised 
material (e.g. Amgard CRP by Albright & Wilson) and should be used 
carefully. The red phosphorous may be used as received or as a masterbatch 
in which the red phosphorous is predispcrscd in another polymer such as a 
polycarbonate, a thermoplastic polyester resin such as polyethylene 
terephthalate or polybutylcnc terephlhalate, or in a styrene or acrylate 
containing polymer (including homopolymers, copoljnners, tcrpolyraers, and 
grafted polymers as mentioned above, under (B), or in an ethylene or 
propylene polymer or co or ter-polyracr such as cihylcnc-vinyl acetate, 
etbylene-ethyl acrylate, ionomers, or in a blend such as polycarbonate- 
acrylonitrile-butadicnc-styrene (PC-ABS), or in any other polymer or carrier, 
Aramid fibres or powders are known and can be used as chopped fibres, floe 
or fibrils or as particles (spherical or irregular shaped). Useful aramid fibres 
or powders are supplied by Du Pont ('Kevlar*) or Akzo (Twaroo*) for 
example. 
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Other Additives 

Other additives may be optionally included. 

In addition to the constituents already mentioned the polymer mixture 
according to the invention may contain one or more conventional additives, 
for example other fillers, reinforcing fibres, stabilisers, flow aids, pigments 
and dyes, impact modifiers, plasticisers, mould release agents and antistatic 
agents. Thus, for example, the thermoplastic moulding compounds 
according lo the invention may contain other known additives for 
polycarbonates, or styrcnic and/or meth(acrylate) based homo-, co-, ter-, and 
graft polymers or for other thermoplastic polymers. 

Flow improvement agents such as siloxane or other silicon containing 
polymers may also be present. Other flow additives such as polyolefin or 
functional polyolefins or polyolefin copolymers, including ionomeric waxes 
or low molecular weight polymers may also be present. Polyester, synthetic 
and/or natural, and polyether waxes or additives may also be used. 

Coupling agents or adhesion promoters may be included. Example coupling 
agents include silanes, often with various reactive organic functionality; 
titanatcs including ncoalkoxy titanatcs and mixed alumino- or silicon- 
titanates and phosphorus containing titanates; aluminates and zirconium 
aluminates and zirconatcs. Preferred coupling agents are silanes and/or 
titanate compounds such as those in the Ken React/Lica range supplied by 
Kenrich Inc., Bayonne, USA. Typically such coupling agents are used at 
low levels such as less than 0.1-5 parts by weight of the inorganic filler(s). 
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Pigments such titanium dioxide and/or carbon black may be used. Other 
pigments may be used. 

Examples 

Components shown In the tables below were compounded in a twin screw 
extruder at temperatures between 200-280% and usually between 2:^0- 
250*t:. After pellet isation and drying, the pellels were injection moulded 
into test specimens according to those specified in the UL-94-V flammabilily 
test. 

Samples of the UL specified dimensions and whh t mm» where t^thickness 
(e.g. 1*2 mm or 1.0 mnn or other thickness) were injection moulded, 
conditioned, and tested according to the procedures of UL specification. 
The UL-94-V-0 classification is achieved if, within the specified test: 

- aflerflame time for each individual specimen, tj or t2^ is 10s ; 

- total aflterflame time for any condition set (t^+t2) for the 5 specimens is 

50s ; 

- aflerflame time plus afterglow time for each individual specimen afker the 
second flame application (ti + t^) is 30s ; 

- no afterflame or afterglow of any specimen occurs up to the holding clamp; 

- no test specimen ignites the cotton indicator by flaming drops or particles. 

Other UL-94 classifications (cgV-1, V.2) are less flame relardant than V-0, 
and apply to systems which do not fulfil the above criteria. 'Fail' is where 
the samples continue to burn for 30s. 

The attainment of a UL rating at a particular thickness will usually be 
indicative that thicknesses above this particular thickness will also be able to 
achieve the same rating, within a reasonable range and thifr is usually 
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confirmed within the UL test by testing specimens at two (or more) 
thicknesses, usually within 3.2 mm of each other. Thus, in one example, a 
desired, lower, thickness and also another thickness of 2-3 mm thicker than 
the lower thickness can be used. This may allow a * minimum thickness' 
rating at the lower thickness tested, if all the criteria for the UL-94 test are 
met. 

The UL results reported in the tabulated data are from evaluations in our 
Research Laboratory according to the guidelmes and recommendations of the 
UL-94 vertical burning test procedure. A flame test *V-0' result is one in 
which the criteria specified above (in the UL-94 test procedure) for V-0 have 
been met in our own evaluations. Similarly for 'V-l', •V.2' and TAIL'. 

For notched izod and HDT tests sample were injection moulded according to 
the dimensions of the specifications ISO 180- specimen type lA (4 mm 
thickness) for notched izod tests and ISO 75 at l.SMPa (120Cyhr heating rate 
with 10 mm x 4 mm x 120 mm samples and using a 100mm span). 

MateHflls iti Tahlft of Rxamoles 

PC-26 and P028 are polycarbonates of bisphenol-A having relative solution 
viscosities of 1.28 and 1.29 respectively, as measured at 0.5% weight/weight 
in methylene chloride at 25-C using an Ubbelohde viscometer. 
ABS-F is a high impact grade of acrylonitrile-butadtene-styrene graft polymer 
typically containing 28-37 parts of butadiene. 

ABS-C is a high flow - high impact acrylonitrile-butadiene-styrene graft 
polymer. Typically with an izod impact strength (ASTM D-256) of 
approximately 30 kg-cm/cm and a melt flow index of approximately 4.8 
g/lOmin (ASTM D-1238, 200-C x 5Kg, cond G). 
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SAN is a copolymer of styrcnc and acrylonitrilc. Commercially available 
injection moulding grades of this material were used e.g, Lustran SAN 32 
from Bayer. 

Talcs used were commercially available grades and included, among others, 
grades such as Westmin talc from Norwegian Talc which has a particle size 
distribution with 98% by 

weight less than 8 microns or Microtalc IT Extra from Norwegian Talc which 
has a particle size distribution with 99% by weight less than 10 micron or 
Microline A-3 from Luzenac Naintsch which has a particle size distribution 
with 90% by weight less than 4 microns. 

Vermicttlites used were commercially available grades such as Micronised 
Vermicttlite or Micron Vermiculite from Dupre Vermlculite. 
Kaolins used were commercially available grades such as Devolite from 
English China Clay (BCC). 

Micas used were commercially available grades such as SX-300 and SX-400 
available from Microfine Minerals. 

Wollastonitcs used were commercially available grades such as Vansil BW-10 
or Vansil G from R-T.yanderbilt Company Ltd. 

Titanium Dioxides used were commercially available grades such as R-TC30 
from Tioxide. 

Magnesiun Hydroxides used were commercially available grades such as 
FR20 from Dead Sea Periclase. 

Glass beads used were those such as Spheriglass 5000 CP03 by Croxton & 
Garry. 

Aluminum Oxides and Calcium Carbonates used were commercially available 
grades such as those available from Sigma Aldrich. 

Silox. - is a polysiloxane additive as a 50% masterbatch (content shown is for 
masterbatch; thus actual siloxane content is half of that shown). The 
remaining content is a polypropylene carrier in the above examples. Others 
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polymers may also be used for this masterbatch* 

IM= impact modifier, a Paraloid core shell modifier from Rohm & Haas. 
TPP = triphenyl phosphate. 

Oligomer = phosphate oligomer such as Akzo Fyroflex RDP or PMC Rcofos 
RDP or other oligomerCs). 

RP = stabilised red phosphorous used as a masterbatch at 50% red 
phosphorous content in a carrier resin which is ABS in the above examples 
(masterbatch content is shown; so actual red P content is 50% of this). 
Others polymers may also be used for this masterbatch. 
PTFE = polytetrafluoroethylene such as Huon grades. 
CB a carbon black* 

WAX is a polyester based wax suitable for flow improvement and/or mould 
release in polycarbonate based mixtures* 
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1 Abstract 

This invention relates to a flame retardant thermoplastic moulding 
compounds* 

The object of this invention is increasing the level of the flame retardation 
without reducing useful properties of the compounds. 
The compounds comprise, 

a polymer mixture which comprises an aromatic polycarbonate (A); 

a styrene (or (meth)acryiate) containing copolymer and/or a styrene 
(or (mcth)acrylate) containing graft polymer (B); 

a phosphate or phosphonate based flame-retardant (C); 

an inorganic additive (D); and 

a further flame retardant or anti-drip agent (E): 
and optionally, other additives. 



2 Representative Drawing none 



